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Enzymically Generated Triplet Acetone 

By NELSON DURAN, OLGA M. M. FARIA OLIVEIRA, MARCELA HAUN, and GIUSEPPE CILENTO* 
(Department of Biochemistry, Instituto de Quimica, Universidade de Sa'o Paulo, C.P. 20780, Sa'o Paulo, Brazil) 

Summary The oxidation of isobutyraldehyde in the 
horseradish peroxidase-0, system produces triplet acetone 
in high yield, as shown by efficiently sensitized 9,lO- 
dibromoanthracene-2-sulphonate emission and by the 
occurrence of the expected photoproducts, i.e. iso- 
propyl alcohol and tetramethylglycol. 

THE oxidation of isobutyraldehyde in the peroxidase-0, 
system generates the products expected from the cleavage 

of an intermediate dioxetan, i.e., acetone and formic acid1 
(Scheme). We suspect therefore that acetone is generated 
in the triplet state.2 This has been confirmed both by 
sensitized chemiluminescence and by identification of the 
expected photo product^,^ i.e., isopropyl alcohol and 
tetrame thylglycol. 

The system used consisted of 4.2 x ~O-,M isobutyralde- 
hyde, 2-5 x ~ O + M  horseradish peroxidase (Sigma, type VI), 
and 0.034 M ethanol (for solubilizing the aldehyde) in 0.1 M 
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phosphate buffer, pH 7.0, a t  25 “C. Emission was de- 
tected with a liquid scintillation counter; it increased as 
oxygen was depleted. In the presence of 9,lO-dibromo- 
anthracene-2-sulphonate a dramatic enhancement (200 fold 
a t  infinite sensitizer concentration) was observed as a 
result of the long range triplet-singlet energy transfer; thus 
the non-halogenated sensitizer, unable to overcome the 
spin-forbidden nature of the transfer,P was inefficient. 

In dimethyl sulphoxide-potassium t-butoxide (no en- 
zyme), chemiluminescence was observed with conventional 
equipment ; its spectrum matched the fluorescence spectrum 
of acetone. Obviously in the aprotic solvent, the emitter 
is singlet acetone which was isolated from the spent reaction 
mixture as the 2,4-dinitrophenylhydrazone. Formic acid 
was also properly identified.5 
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Product formation in the enzymic system was analysed 
by g.1.c. after leaving the solution undisturbed for 96 h in 
the dark. The yields based on isobutyraldehyde which had 
reacted (50%) were: acetone, 86 f 10%; tetramethyl- 
glycol, 0.5 -4% ; and isopropyl alcohol, 6-7 % . This 
indicates that acetone must be formed in an excited state, 

the chemiexcitation quantum yield being no less than, and 
probably well above, 0.1. Rigorous control experiments 
confirmed that neither formic acid nor ethanol could have 
reduced ground state acetone. 

It is possible that isopropyl alcohol reacts with triplet 
acetone to form tetramethylglycol.6 However, the very 
occurrence of photoproducts and the dramatic enhance- 
ment in emission with 9,lO-dibromoanthracene-2-sulph- 
onate implies that triplet acetone must be considerably 
protected from oxygen quenching by the enzyme. This 
indicates that the enzyme is the hydrogen donor. The 
enzyme radical would then abstract a hydrogen atom from 
an exogenous donor (presumably ethyl alcohol or formic 
acid) thus regenerating the enzyme. The participation of 
ethyl alcohol is suggested by the occurrence of a g.1.c. peak 
corresponding to acetaldehyde. 

We expect to obtain a high chemiexcitation quantum 
yield from other closely related systems under study in this 
laboratory.’ Whether an oxidation similar to that re- 
ported herein occurs with the luciferin* of the biolumines- 
cent worm Diplocardia Zonga remains to be ascertained. 

This work was supported by grants from the Fundaqiio de 
Amparo & Pesquisa do Estado de S ~ O  Paulo (F.A.P.E.S.P.) 
(B. 1.0. Q.-F. A.P.E.S.P. programme), and Financiadora de 
Estudos e Projetos. O.M.M.F.O. and M.H. are Predoctoral 
Fellows of F.A.P.E.S.P. and Conselho Nacional de Pes- 
quisas, respectively, and N.D. (Universidad Catolica de 
Valparaiso, Chile) is a F.A.P.E.S.P. Visiting Professor. 

(Received, 27th January 1977; Corn. 066.) 

R. 13. Kenton, Biochem. J. ,  1953, 55, 350. 
F. McCapra, Pure AppZ. Chem., 1970,24, 611; E. H. White, J. D. Miano, C. J. Watkins, and E. J. Breaux, Angew. Chern. Internat. 

Edn., 1974, 3, 229; T. Wilson, M T P  Internat. Rev. Sci. Chem. Kinet. Ser. Two, Butterworths, London, 1976; J. W. Hastings and T. 
Wilson, Photochem. and Photobiol., 1976, 23, 461. 

3 J.  Coxon and B. Halton, ‘Organic Photochemistry,’ Cambridge University Press, New York, 1974, p. 166. 
4 R. F. Vsssil’ev, Progr. Reaction Kinetics, 1976,4, 305; T. Wilson and A. P. Schaap, J .  Amer. Chem. Soc., 1971,93, 4126; G. Cilento, 

5 F. Feigl, ‘Spot Tests,’ Elsevier, New York, vol. 11, 1954, p. 246. 

7 K. Takayama, M. Nakano, K. Zinner, C. C. C. Vidigal, N. DurAn, Y. Shimizu, and G. Cilento, Arch. Biochem. Biophys., 1976, 176, 
663, and references therein; N. Durhn, K. Zinner, R. Casadei de Baptista, C. C. C. Vidigal, and G. Cilento, Photochem. and Photobiol., 
1976, 24, 383; N. Durkn, K. Zinner, C. C. C. Vidigal, and G. Cilento, Biochem. Biophys. Res. Comm., 1977, 74, 1146. 

* H. Ohtsuka, N. G. Rudie, and J. E. Wampler, Biochemistry, 1976, 15, 1001. 

J .  Theor. Biol., 1975, 55, 471. 

A. Schonberg, ‘Preparative Organic Photochemistry,’ Springer-Verlag, New York, 1968, p. 203. 




